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ABSTRACT 
 

Many plant products possess properties that give the same effect of 

pesticides and are known to be used in pest management strategy. Currently, 

attention is being focused on the use of neem-based botanical insecticide. 

Azadirachtin is highly interesting compound for both its complex chemical 

structure and its synthesis and for its biological properties. Callus produced 

from leaves of neem tree, Azadirachta indica A. Juss, produced in vitro 

bionatural insecticide azadirachtin when grown in modifies MS medium. 

The optimum light condition for callus incubation and propagation was 

2,000 lux, 16h. Azadirachtin isolated by standard procedure depend on 

solvent partition program. The crude extract amount was higher in methanol 

fraction (F3) compared to that in petroleum ether (F1) and methylene 

chloride fraction (F2) using TLC and UV-scanning and HPLC techniques for 

detection and determination of azadirachtin. It is interesting to observe that 

the methylene chloride fraction (F2) contained the highest concentration of 

azadirachtin than the others (F1 0.245, F2 13.467 and F3 0.108 g/100g 

callus). The general growth inhibition percentages of azadirachtin on 

Spodoptera littoralis Boisd larvae in different fractions arranged between 

61.8-57.6%. The required to kill 50% of the larvae (LT50) was 1.87 days for 

azadirachtin methylene chloride extraction, 1.99 days for petroleum ether of 

azadirachtin fraction and 2.17 for methanol fraction of azadirachtin, while 

neemazal takes 4.10 days to kill 50% of the tested larvae. The antifeedant 

percentage of azadirachtin in different fractions at 0.5 mg kg
-1

 was studied 

using no-choice bioassay method. Antifeeding activity percentage of 

azadirachtin were 18.8% for petroleum ether fraction, 49.3% for methanol 

fraction and 59.4% for methylene chloride fraction while neemazal (5%) 

antifeeding activity percentage was 87.1%. The results of this study show 

that azadirachtin derived from neem leaves callus by tissue culture needs an 

applied approach to produce the compound in a commercial production. 
 

Key words: Azadirachta indica, Spodoptera littoralis, tissue culture, callus 

induction, botanical insecticides, antifeedant. 
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INTRODUCTION 

 

In recent years, much effort has been payed towards the development of 

natural insecticides originating from plants. In this context, currently, 

attention is being focused on the use of neem-based botanical insecticide 

(Wei-hong and Ban-qian, 2006). Over 300 compounds have been isolated 

from various parts of the neem tree among them the terpenoids that 

comprise. The major active compounds commonly refused to as limonoids. 

Azadirachtin, the chief substance and the best known example of these 

limonoids is accumulated in the seed kernels of Azadirachta indica (Sujanya 

et al., 2008). The compound and its analogues are potent insect antifeedants 

and growth regulators (El-Aswad et al., 2003; Abdelgaleil and El-Aswad, 

2005; Charleston et al., 2005; Abou-Tarboush et al., 2009). Insects from 

different orders differ markedly in their responses to azadirachtin. Insects 

from Lepidoptera are the most sensitive to these compounds as effective 

antifeedants, concentration ranged from 1-50 ppm and some times less 

depending upon species (Martinez and van Emden, 2001). Coleoptera, 

Hemiptera and Homoptera were less sensitive (Mordue and Nisbet, 2000). 

 

Much interest has been paid to understand the complex structure and 

synthesis of azadirachtin and its biological properties as will as biosynthesis 

(Morgan, 2009). In order to obtain information about these aspects of 

azadirachtin, we have employed tissue culture techniques for its production 

(Wewetzer, 1998). Future approaches may include such method to produce 

azadirachtin for research as will as commercial aspects and insect control. 

Cell culture technology has been used to produce valuable compounds that 

lack a synthetic or chemical synthesis procedure (Sujanya et al., 2008). 

Plant cell and tissue culture systems are complementary and may provide 

competitive metabolite production systems when compared to whole plant 

extraction. Several types of high-yielding tissue culture systems have been 

developed. These include the cultivation of specific organ cultures, 

suspension cultured cells selected for high productivity on production media 

and high-density culture (Lui and Staba, 1981; Zieg et al., 1983). 

Azadirachtin production of A. indica tissue and cell suspension culture using 

Murashige and Skoog (MS) medium supplemented with different nutrients 

and plant growth regulators was studied by (DiCosmo and Misawa, 1995; 

Babu et al., 2004; Kalafalla et al., 2007; Sujanya et al., 2008). It was 

showed that the production of azadirachtin in quantites depends on the 

components of the nutrient medium and growth regulator type and 

concentration. 
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The aim of this work is to investigate in vitro bio-production of 

azadirachtin and to evaluate its biological activity on the cotton leafworm, 

Spodoptera littoralis. The mortality percentage, larval weight gain and 

consumed diet were monitored. Also, the growth inhibition and antifeedant 

activity percentages were calculated. 

 

MATERIALS AND METHODS 

 

Tested compounds: Azadirachtin (95%), it is obtained from Sigma Co., It 

was used a reference in HPLC analysis. Neemazal (5% EC), it was obtained 

from Agriculture Research Center, Cairo, Egypt. It was used a standard 

compound in the biological activity experiments. 

 

Neem plant: The neem tree, Azadirachta indica A. Juss., a member of the 

Meliaceae family produces the insecticidal liminoid, azadirachtin (Kraus, 

2002). Leaves were used to source of explant. The neem seedlings obtained 

from the Agricultural Research Center, Giza, Egypt. 

 

Tested insect: A susceptible cotton leafworm, Spodoptera littoralis 

(Boisd.), strain was obtained from a stock culture maintained under constant 

condition of 28 ± 1ºC and 65 ± 5% R.H. The culture started with egg-mass 

introduced from the Plant Protection Research Center, Dokki, Giza 

Gavernorate. 

 

Preparation of MS medium and modified MS medium: The MS medium 

was prepared according to Murashige and Skoog (1962). To prepare MS-m 

medium which used for callus induction, one liter of the MS medium was 

supplemented with plant growth regulators, 1 mg of 6-Benzyl amino purine 

(BAP), 0.8 mg of Kinetin (KN) and 6 mg of Adenine sulphate (Eeswara et 

al., 1998). Agar was added after adjusting the pH to 5.8 to obtain solidified 

media. Also, to obtain MSp-1 medium which used in cell suspension 

culture, one liter of MS medium without agar, 2 mg of 1-Naphthaleneacetic 

acid (NAA) and 0.5 mg of BAP were mixed (Dixon, 1985). In addition, 

micropropagation medium (MS-g medium) was prepared using one liter of 

solidified MS medium, 0.1 mg of BAP, 0.1 mg of KN and 0.6 mg Adenine 

sulphate. 

 

Preparation and inoculation of explants: The equipments and media were 

autoclaved at 121 ºC for 30 min. (for media) or 60 min. (for equipments) 

under pressure of 15 PSI. The new leaves of the neem seedlings were 
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washed and cleaned carefully with running water. The leaf explants were 

allowed to soak in 75% ethanol solution for one minute followed by two 

times rinsing with sterile distilled water. Then, 15 minutes in 0.1% mercuric 

chloride and washed with six changes of sterile distilled water. Under 

laminar flow hood, the sterile leaves were cut into small pieces using scalpel 

and the leaf pieces were placed adaxial side down into Petri dishes 

containing 25 ml of agar-solidified culture medium (MS-m). The five 

explants of the same seedling were placed in one Petri dish. The culture 

dishes were then incubated in the culture room at 20 ºC and under dark 

condition or 2,000 lux, 16 hours using fluorescent lamps. 

 

Callus and cell production: After six weeks incubation, callus induction 

was recorded. The calli derived from explants could be divided into two 

groups; a group was used to initiate the cell suspension culture. Another 

group of calli was transferred to MS-g medium at 20 ºC and 2,000 lux, 16 

hours using fluorescent lamps. After other six weeks, the produced greater 

calli were care yielded and kept to extract of azadirachtin from them. Also, 

cell suspension culture was initiated by placing pieces of a friable tissue 

culture. This friable callus transferred to MSp-1 moving liquid medium. The 

cell suspensions were maintained at 150 rpm on a rotary shaker at 16/8 h 

photoperiod. After filtration, filtrates at 5 weeks were obtained. 

 

Extraction of produced azadirachtin: The extraction of azadirachtin from 

callus was carried out according to the method described by Allan et al. 

(1994). Accumulated freeze-dried callus obtained from tissue culture media, 

known weight was homogenized with methanol in glass homogenizer and 

filtered. The callus residue was resuspended in methanol and the filtration 

repeated twice. The solvent was removed on a rotary evaporator, keeping 

the temperature below 40 ºC, and the residue was redissolved in methanol + 

water (66 + 33 by volume), and this solution was partitioned against light 

petroleum distillate (b.p. 60-80 
o
C). The organic phase was removed 

(Petroleum ether extract, Fraction 1) and the aqueous methanol partitioned 

against dichloromethane to obtain dichloromethane extract (Fraction 2). The 

remaining aqueous methanol sample gave (Fraction 3). All extracts 

(Fraction 1, 2 and 3) were evaporated to dryness and kept to analysis. Also, 

the produced azadirachtin was extracted from cells and filtrates according to 

the extraction protocol described by Sujanya et al. (2008). The filtrates of 

cell suspension containing the extracellular components were extracted into 

methanol of high performance liquid chromatography (HPLC) grade using 
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the same procedure of the extraction from callus. The fractions were utilized 

for HPLC analysis. 

 

Analysis of azadirachtin: The qualitative analysis was carried out on silica 

plates pre-coated on aluminium foil (Fluka Chemie, Switzerland) (Mandava, 

1985). The different extracts were eluted with methylene chloride + acetone 

(1 : 1) solvent system, allowed to dry, then exposured to UV-lamp. In 

addition, the production of azadirachtin in the culture media was confirmed 

by UV-scanning of the extracts using Visible/UV-Spectrophotometer, 

Nicolet, Thermo. 

 

The quantitative analysis of azadirachtin in different fractions using HPLC 

technique was carried out according to Allan et al. (1994) with slight 

modification. IBM-Compatible PC with Gynkot-Software was connected 

with a high performance liquid chromatography (HPLC) system consisting 

of modifier pump (ConstaMetric 3000), gradient programmer (GM-4000), 

high pressure mixer, pulse dampener (Negretti, Southampotn, UK), variable 

wavelength UV detector (SpectroMonitor 3100) set at 217 nm and an oven 

containing a model 7125 loop injector fitted with a 20 µl loop (Rheodyne, 

Cotati, USA), backpressure regulator (Tescom, Elk River, USA) and the 

analytical column. 

 

Antifeeding and growth-inhibition of azadirachtin: The extracted 

azadirachtin (in dryness crude extract of different solvents) of callus and cell 

suspension were evaluated for its antifeedant and growth inhibitory effects 

on the second instar larvae of Spodoptera littoralis using no-choice 

bioassay. The extracts were mixed with the artificial diet (Bakry et al., 

1973) to give concentration of azadirachtin (0.5 mg kg
-1

). Control diet was 

prepared with a maximum volume of each solvent (petroleum ether, 

methylene chloride, methanol, acetone) alone used in the treated diet. After 

evaporation of solvent, 1 g of treated diet and 10 pre-weighed second-instar 

larvae were placed in each Petri dish (9 cm). Three replicates of each extract 

and each concentration were carried. After 10 days of feeding on treated 

diet, the survival larvae of the three replicates of each concentration were 

collected in one plastic box and fed on the same treated diet until 21 day. 

The diet consumed by each larva was determined daily by weighing the 

remaining diet of each treatment. The percentage antifeedant index was 

calculated from the following equation: % antifeedant = 100 (C - T/C), were 

C is the weight of diet consumed in control and T is the weight of diet 

consumed in the treatment. Also, larval growth inhibition was assayed 
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relative to control based on larval weight gain. The growth inhibition was 

calculated from this equation: Growth inhibition = [(CL – TL)/CL] x 100, 

where CL is the larval weight gained in the control and TL is the larval 

weight gained in the treatment. In addition, number of died larvae was daily 

recorded. LT50 values were calculated according to Finny (1971). Moreover, 

T-test was performed by using of Software, Costat (CoStat Statistical 

Software, 1990). 

 

RESULTS AND DISCUSSION 

 

Response of explant to callus induction: Data of the production of callus 

derived from leaf explants of neem, Azadirachta indica were recorded after 

six weeks incubation. These explants were incubated on MS-m medium 

protocol. The percentage of explants that developed calli indicated that the 

highest of callus induction (100%) while, the lowest value (32%) were 

obtained from the incubation under light (2,000 lux, 16h) and dark 

condition, respectively (Table 1). Also, it was showed that the growth rate 

of the callus was dependant on the incubation conditions. The weight of 

callus derived from explant under light condition was significantly higher 

than that of explant under dark condition. 

 

Table 1: Percentage and quantity of callus induction for Azadirachta indica 

under different conditions 

 

 Light condition Dark condition 

Callus induction (%)
1
 100 32 

Callus yield (g/100 explant)
2
 20 3.76 

1
 Values are highly significant (P = 7.251 x 10

-5
 ***),  

2
 Values are significant (P = 0.047*) based on the T-test. 

 

The statistical analysis indicated that the induction and weight of callus 

were significantly influenced by light/dark conditions of the incubation. 

Therefore, the light condition is the optimum condition for incubation to 

callus induction and propagation. In general, before utilizing tissue culture 

technique as a tool in chemical bioproduction, it is necessary to determine 

and optimize the factors influencing callus formation, its quality and 

quantity during induction and maintenance. The previous results provide an 

indication of the relative important of incubation conditions on culture 

response and growth regulator type and concentration (Gautam et al., 1993; 

and Gharyal et al., 1983). 
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Qualitative and quantitative analysis of azadirachtin: 
 

Extraction and qualitative analysis: Freeze dried callus was submitted to 

a standard procedure for the isolation of azadirachtin (Johnson et al., 1994). 

The extract was partitioned between aqueous methanol and light petroleum 

distillate to give a non-polar petroleum extract (referred to as F1) while the 

aqueous methanol partition was submitted to a second solvent partition 

against dichloromethane. Thus, dichloromethane extract (F2) and the 

aqueous methanol residue (F3) were obtained. The qualitative analysis of 

different extracts (F1, F2, F3), and extract of azadirachtin 25% was carried 

out by TLC analysis using (methylen chloride : acetone, 1:1) solvent 

system. The bands were detected by UV spectrum. On major band was 

observed in all tested extracts. Also, with UV-scanning, it was observed the 

UV absorbance in all extracts was at 217 nm, this value identical with that 

obtained by Allan et al. (1994); Babu et al. (2006); Sujanya et al. (2008). 
 

Quantitative analysis: The different extracts were evaporated to dryness 

by rotary evaporator, some samples required to left under room condition 

about 3 days. The quantity of the crude extracts was determined. (Table 2) 

indicated that the quantity of crude extract of callus and cell suspension 

filtrate (extracellular components) is higher in F3 fraction than that in F1 or 

F2 fraction. The highest amount of crude extract in F3 or the total of 

fractions was obtained from callus. Azadirachtin concentration in different 

fractions was determined by HPLC using UV-detector. Azadirachtin (95%) 

in methanol was used a reference. The results of HPLC analysis indicated 

that the Rt of azadirachtin = 4.2 min. Azadirachtin amounts (g/100g dryness 

crude extract) in different fractions of callus and cell suspension filtrate are 

presented in (Table 3). The highest concentration of azadirachtin was 

detected in methylene chloride (F2) for callus. No promising concentration 

of azadirachtin was detected in all fractions of cell suspension filtrate. 
 

Table 2: Weight of air dried crude extracts in different fractions extracted 

from callus of tissue culture and filtrate of cell suspension (g/100g source) 

 

 Callus Filtrate 

Petroleum ether fraction 0.065 0.060 

Methylene chloride fraction 0.235 0.013 

Methanol fraction 2.225 0.320 

Total 2.525 0.393 
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Table 3: Concentration of azadirachtin in air dried crude extracts in different 

fractions extracted from callus and filtrate (g /100g dried crude extract) 
 

 Callus Filtrate 

Petroleum ether fraction 0.245 1.245 

Methylene chloride fraction 13.467 0.915 

Methanol fraction 0.108 0.985 

Total 13.820 3.145 
 

In general, the results indicated that the crude extract amount was higher in 

methanol fractions (F3) compared to that in petroleum ether fraction (F1) 

and methylene chloride fraction (F2). Although, the concentration of 

azadirachtin compound was higher in F2 than that in F1 and F3. The greater 

amount of crude extract in F3 and containing lower azadirachtin quantity 

were expected because it contained a large amount of polar components. It 

was expected also the slight amount of crude extract and azadirachtin 

concentration in F1 because it contained a large amount of non-polar 

components. It was interested observed that the fraction F2 contained large 

concentration of azadirachtin. These results are agreement with results 

obtained by Allan et al. (1994) who indicated that the analysis 

chromatogram of methylene chloride fraction (F2) showed a larger peak for 

azadirachtin compared to that in F1 and F3. 
 

Biological activity: The larvicidal effect of the extracted azadirachtin (0.5 

mg kg
-1

 artificial medium) against the larvae of cotton leafworm, S. littoralis 

was evaluated using no-choice bioassay method. Values of the time required 

to kill 50% (LT50) expressed as days and 95% confidence limits are shown 

in (Table 4).  
 

Table 4: LT50 values of azadirachtin in different fractions of callus and 

neemazal 
 

Azadirachtin  

conc. (ppm) 

LT50 and Confidence limits 

Petroleum ether fraction 0.5 1.99 (2.31 – 1.70) 

Methylene chloride fraction 0.5 1.87 (2.42 – 1.41) 

Methanol fraction 0.5 2.17 (2.71 – 1.71) 

Neemazal (5%) 10 

5 

2.01 (2.34 – 1.70) 

4.10 (4.67 – 3.60) 
In this experiment until the terminal (21 days), the mortality percent did not exceeded 10% of different solvents 

and 3.33% of control. 
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The lowest value of LT50 was 1.87 days caused by azadirachtin in 

methylene chloride fraction. The azadirachtin of neemazal even 5 and 10 mg 

kg
-1

 has LT50 of 4.10 and 2.01 days, respectively. Almost the same LT50 

values of azadirachtin were recorded in methanol fraction, 0.5 mg kg
-1

 and 

neemazal, 10 mg kg
-1

 (Table 4). 

 

During feeding for 21 days on treated diet with azadirachtin in different 

fractions and in neemazal. The growth inhibition percentage of azadirachtin 

(Table 5) showed that the highest effect of all fractions was detected at 3
rd

 

week. Neemazal treatments caused growth inhibition of 100% at 2
nd

 week.  

 

Table 5: Growth inhibition percentage of azadirachtin in different fractions 

of callus and neemazal 

 

Azadirachtin  

conc. (ppm) 

1
st
 

week 

2
nd

 

week 

3
rd

 

week 

General 

Petroleum ether 

fraction 

0.5 0.3 33.7 225.0 57.6 

Methylene chloride 

fraction 

0.5 12.9 37.1 277.3 61.8 

Methanol fraction 0.5 65.6 31.6 133.8 61.6 

Neemazal (5%) 
10 85.8 100.4 --- 99.4 

5 74.9 99.5 --- 99.3 

 

The general growth inhibition percentages of azadirachtin in different 

fractions arranged between 61.8-57.6%. The antifeedant percentage of 

azadirachtin in different fractions at 0.5 mg kg
-1

 and in neemazal extract 5 

and 10 mg kg
-1

 is shown in (Table 6). 

  

Table 6: Antifeeding activity percentage of azadirachtin in different 

fractions of callus and neemazal 

 
Azadirachtin  

conc. (ppm) 

1
st
 

week 

2
nd

 

week 

3
rd

 week General 

Petroleum ether fraction 0.5 -12.3 15.2 42.8 18.8 

Methylene chloride fraction 0.5 53.1 52.8 71.1 59.4 

Methanol fraction 0.5 43.3 41.9 61.7 49.3 

Neemazal (5%) 
10 38.4 74.0 --- 87.1 

5 -14.5 64.2 --- 80.4 
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Azadirachtin in methylene chloride fraction showed the highest antifeedant 

activity through 3 weeks with general of antifeedant percentage of 59.4 %. It 

was observed that all tested larvae died after two weeks in the two 

treatments of neemazal. However, the general of antifeedant percentage of 

80.4 and 87.1% for concentrations of azadirachtin in neemazal, 5 and 10 mg 

kg
-1

. 

 

The results of the biological activity experiment indicated that azadirachtin 

extracted in F2 has high effectiveness compared to that in F1 and F3. In 

similar, Allan et al. (1994) found that F2 which contains azadirachtin was 

significantly and completely deterred from feeding. The use of neem as a 

pesticide is well known (Ascher, 1993) and extracts obtained from seed, 

bark and leaf of the neem tree have been successfully investigated as 

environmentally acceptable bioinsecticides for use in crop protection 

(Mordue and Blackwell, 1993). All these extracts were obtained from intact 

neem plant organ. Here in this study we used known concentration of 

azadirachtin in extract obtained from in vitro production. Therefore, the 

higher biological activity against cotton leafworm recorded might be 

attributed to the higher purified quantity of azadirachtin and its molecule 

found in the active configuration in the in vitro induced callus compared to 

that of the intact leaf. Charleston et al. (2005) and Abou-Tarboush et al. 

(2009) stated that azadirachtin and its analogues are potent insect 

antifeedants. It is well known that in vitro cultures are able to produce 

secondary metabolites, sometimes even in quantities that allow 

economically feasible production (Fujita et al., 1981). Furthermore, 

previous studies (Zhao et al., 2001) have reported that callus culture could 

provide an alternative supply of secondary metabolite for use in medicine, 

stimulating the production or inducing the biosynthesis of novel compounds 

not found in vivo. This is because in callus cultures cells are 

undifferentiated, which means the genes that are in control of secondary 

metabolite production may be turned off or not under specific control 

(Wink, 1986). 

 

In conclusion, the results of this study shows that azadirachtin in extracts 

derived from neem callus have demonstrable larvicidal activities, therefore, 

further work is needed to produce azadirachtin in a large scale using neem 

callus system reactor for the commercial production. 

 

 

 



 

 

 

 

 

 

J. Pest Cont. & Environ. Sci. 18, 1, Proceeding: 155-169 (2010) 

 

165 
 

REFERENCES 

 

Abdelgaleil, S. A. M. and A. F. El-Aswad (2005). Antifeedant and growth 

inhibitory effects of tetranourtriterpenoides isolated from three 

meliaceous species on the cotton leafworm, Spodoptera littoralis. J. of 

Applied Science Research, 1 (2): 234-241. 

 

Abou-Tarboush, F. M.; H. M. El-Ashmaoui; H. I. Hussein; D. Al-Rajhy and 

M. Al-Assiry (2009). Effect of azadirachtin of neemix-4.5 on SWR/J 

mice. Saudi J. of Biological Sci., 16: 69-76. 

 

Allan, E. J.; J. P. Eeswara; S. Johnson; A. J. Mordue; E. D. Morgan and T. 

Stuchbury (1994). Theproduction of azadirachtin by in-vitro tissue 

cultures of neem, Azadirachta indica. Pestic. Sci., 42, 147-152. 

 

Ascher, K. R. S. (1993). Nonconventional insecticidal effects of pesticides 

available from the neem tree, Azadirachta indica. Insect Biochem. 

Physiol., 22, 433-449. 

 

Babu, V. S. and G. M. Nair (2004). Proceedings of the IUPAC Int. Conf. on 

Biodiversity and Natural Products: Chemistry and Medical 

Applications, New Delhi, P. 52. 

 

Babu, V. S.; S. Narasimhan and G. M. Nair (2006). Bioproduction of 

azadirachtin-A, nimbin and salannin in callus and cell suspension 

cultures of neem (Azadirachta indica A. Juss.). Current Sci., 91,1:22-

24. 

 

Bakry, N.; F. Taman and M. Zeid (1973). Effect of nutrition, age and 

temperature on toxicity of insecticides to Spodoptera littoralis 

(Boisd)., Egypt Pest Control Congress, Assiut.  

 

Charleston, D. S., R. Kfir; M. Dicke; L. Vet (2005). Impact of botanical 

pesticides derived from Melia azedarach and Azadirachta indica on 

the biology of two parasitoid species of the diamondback moth. 

Available Online 23 March 2005. 

 

CoStat Statistical Software (1990). Microcomputer program analysis 

Version 4.20, CoHort Software, Berkeley, CA. 



 
 
 
 
 
Aly, M. I. 

166 
 

DiCosmo, F. and M. Misawa (1995). Plant cell and tissue culture: 

alternatives for metabolite production. Biotechnology Advances, 

13(3): 425-453. 

 

Dixon, R. A. (1985). Isolation and maintenance of callus and cell 

suspension cultures. In: Plant cell culture "a practical approach". IRL 

Press. Washington DC. 

 

Eeswara, J. p.; T. Stuchbury; E. J. Allan and A. J. Mordue (1998). A 

standard procedure for the micropropagation of the neem tree 

(Azadirachta indica A. Juss). Plant Cell Rep., 17: 215-219. 

 

El-Aswad, A. F.; S. A. M. Abdelgaleil and M. Nakatani (2003). Feeding 

deterrent and growth inhibitory properties of limonoids from Khaya 

senegalensis against the cotton leafworm, Spodoptera littoralis. Pest 

Manag. Sci., 60: 199-203. 

  

Finney, D. J. (1971). Probit analysis, 3
rd

 edn, Cambridge University Press, 

London, pp. 318. 

 

Fujita, Y.; Y. Hara; T. Ogino and C. Suga (1981). Production of shikonin 

derivatives by cell suspension cultures of Lithospermum 

erythrorhizon. Plant Cell Rep., 1, 59-60. 

 

Gautam, V. K.; K. Nanda; S. C. Gupta (1993). Development of shoots and 

roots in anther derived callus of Azadirachta indica A. Juss-a 

medicinal tree. Plant Cell Tiss. Organ Cult., 34: 13-18. 

 

Gharyal, P. K.; A. Rashid and S. C. Maheshwari (1983). Production of 

haploid plantlets in anther cultures of Albizzia lebbeck L. Plant Cell 

Rep., 2: 308-309. 

 

Johnson, S.; E. D. Morgan; I. D. Wilson; M. Spraul and M. Hoffmann 

(1994). J. Chem. Soc. Perkin Trans. 1, 1499-1502. 

 

Khalafalla, M. M.; E. I. El Gaali; F. M. Abbas and H. A. Ali (2007). Neem 

(Azadirachta indica A. Juss) callus induction and its larvicidal activity 

against Anopheles Mosquito. Int. J. Biotech. and Biochem. 3,1: 83-92. 

 

 



 

 

 

 

 

 

J. Pest Cont. & Environ. Sci. 18, 1, Proceeding: 155-169 (2010) 

 

167 
 

Kraus, W. (2002). Biologically active ingredients: azadirachtin and other 

triterpenoids. In: Schmutterer, H. (Ed.). The neem tree: Azadirachta 

indica A. juss and other meliacious plants–sources of unique natural 

products for integrated pest management, medicine, industry and other 

purposes. Neem foundation. India, pp, 39-78. 

 

Lui, J. H. C. and E. J. Staba (1981). Effects of age and growth regulators on 

serially propagated Digitalis Lanata leaf and root cultures. Planta 

Medica, 41, 90-95. 

 

Mandava, N. B. (1985). Handbook of Natural Pesticides: Methods. V II. 

Florida, CRC Press. 

 

Martinez, S. S. and H. F. Van-Emden (2001). Growth disruption, 

abnormalities and mortality of Spodoptera littoralis (Boisd.) 

(Lepidoptera: Noctuidae) caused by azadirachtin. Neotropical-

Entomology, 30 (1): 113-125. 

 

Mordue, A. J. and A. J. Blackwell (1993). Azadirachtin: An update. Insect 

physiol., 39, 903-924. 

 

Mordue, A. J. and A. J. Nisbet (2000). Azadirachtin from the neem tree 

Azadirachta indica: its action against insects. An. Soc. Entomol. 

Brasil, 29(4): 615-632. 

Morgan, E. D. (2009). Azadirachtin, a scientific gold mine. Bioorganic & 

Medicinal Chemistry, 17: 4096–4105. 

 

Murashige, T. and F. A. Skoog (1962). A review medium for rapid growth 

and bioassays with tobacco tissue culture. Physiol. Plant, 15: 473-497. 

Sujanya, A.; B. P. Devi and I. Sai (2008). In vitro production of azadirachtin 

from cell suspension cultures of Azadirachta indica. J. Biosci., 33(1): 

113-120. 

 

Wei-hong, T. and S. Ban-qian (2006). Research on effect of four natural 

ultraviolet light absorbers on photostabilization of azadirachtin-A. 

Agricultural Sciences, 5,(11): 855-858. 

 

Wewetzer, A. (1998). Callus culture of Azadirachta indica and their 

potential for the production of azadirachtin. Phytoparasitica, 26, 47-

52. 



 
 
 
 
 
Aly, M. I. 

168 
 

 

Wink, M. (1986). Storage of quinolizidinc alkaloids in epidermal tissues. Z. 

Naturforschung. 41, 375-380. 

 

Zhao, J.; Q. Hu; Y. Q. Guo and W. H. Zhu (2001). Effects of stress factors, 

bioregulators and synthetic precursors on indol alkaloid production in 

compact callus clusters cultures of Catharanthus roseus. App. 

Microbiol. Biotechnol., 55, 693-698. 

 

Zieg, R. G.; S. W. Zito and E. J. Staba (1983). Selection of high pyrethrin 

producing tissue cultures. Planta Med., 48, 88-91. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

J. Pest Cont. & Environ. Sci. 18, 1, Proceeding: 155-169 (2010) 

 

169 
 

 

 الانتاج الحيوى للأزدراختين وتأثيره البيولوجي ضد دودة ورق القطن

 
 أحمد فرحات الاسود -أسماء السيد -*محمد نجيب بركات –ماهر ابراهيم علي 

 صبيؼت الإسكُذسٚت - كهٛت انضساػت -قسى كًٛٛبء ٔحقُٛت يبٛذاث الأفبث

 صبيؼت الإسكُذسٚت- كهٛت انضساػت -قسى انًحبصٛم*

 

سخخذايٓب فٙ أبزنك ًٚكٍ انحششٚت  خصبئص حأرٛش انًبٛذاثنٓب َفس انُببحٛت  انًُخضبثانؼذٚذ يٍ 

خبصت  انُٛىانًشكببث انًُخضت يٍ سخخذاو حبنٛب لاٚضداد الاْخًبو نزا . يكبفحت اٜفبثاسخشاحٛضٛت اداسة 

ٔانًُضسع ػهٗ بٛئت يُبسبت أظٓش قذسحّ ػهٗ أٔساق شضشة انُٛى انكبنس انُبحش يٍ . الأصدساخخٍٛ

ببع طشٚقت قٛبسٛت نهخٕصٚغ يغ ٖ أصدساخخٍٛ ٔانزٖ حى اسخخلاصّ ببثانطبٛغٖ انحشش انًبٛذ َخبسا

ٔقذ حى اصشاء حؼشف ٔصفٗ نهًشكب بطشٚقت انفصم انكشٔيبحضشافٗ . انًزٚببث يخذسصت انقطبٛت

ٔأٚضب . HPLCٔحقذٚشِ كًٛب ببسخخذاو  يسح ببلأشؼت فٕق انبُفسضٛتببنطبقت انشقٛقت ٔكزنك ببصشاء 

قبث ػهٗ بٛئت صُبػٛت يؼبيهت بخشكٛض ٔرنك بخغزٚت انٛش نُشبط انبٕٛنٕصٙ ػهٗ دٔدة انقطٍحى حقذٚش ا

انظشٔف انًزهٗ نخحضٍٛ بٛئت حكٍٕٚ ٔاَخبس انكبنس ْٗ أظٓشث انُخبئش أٌ ٔ(. كضى/يضى 0.5)

ٔكبَج كًٛت انًسخخهص انًضفف ْٕائٛب فٗ يسخخهص انًٛزبَٕل أػهٗ يٍ يسخخهص . انضٕء

. فٗ يسخخهص انًزهٍٛ كهٕسٚذانبخشٔنٛى اٚزش ٔانًزهٍٛ كهٕسٚذ بًُٛب حشكٛض الأصدساخخٍٛ كبٌ أػهٗ 

انخشكٛض انًخخبش يٍ الأصدساخخٍٛ ٔانًحضش يٍ يسخخهص انًزهٍٛ كهٕسٚذ كبٌ أػهٗ حأرٛشا ػهٗ 

ٔيٍ حٛذ ( ٕٚو 1.87)حٛذ كبٌ % 50ٚشقبث دٔدة ٔسق انقطٍ يٍ حٛذ انضيٍ انلاصو نًٕث 

 .%59.4ة انُشبط كًبَغ نهخغزٚت ٔقذ كبٌ يخٕسظ انخأرٛش خلال رلاد أسببٛغ يٍ انخغز٘

 


